Background: Recent studies proposed neutrophil-to-lymphocyte ratio (NLR) as a prognostic biomarker in malignant pleural mesothelioma (MPM). We examined baseline prognostic variables including NLR and the EORTC and CALGB models as predictors of overall survival (OS) in MPM.
Malignant pleural mesothelioma (MPM) is an aggressive neoplasm that is linked to exposure to asbestos. Its prognosis remains poor and the majority of patients ultimately succumb to their disease. The median survival of patients receiving current best treatment is 12 months (Vogelzang et al, 2003) . A number of prognostic factors have been evaluated in multivariate analyses, and the best-known prognostic scoring systems have been proposed by the European Organisation for Research and Treatment of Cancer (EORTC) (Curran et al, 1998) and the Cancer and Leukaemia Group B (CALGB) (Herndon et al, 1998) . The EORTC retrospectively evaluated prognostic variables in 204 patients from five phase II studies and found that performance status (PS), gender, white blood cell count (WCC), sarcomatous histology and a probable/ possible histologic diagnosis were independent prognostic factors. Patients were then classified into low-and high-risk groups with a 1-year survival of 40% and 12%, respectively. The CALGB index used regression trees to examine prognostic variables in 337 patients treated in seven phase II clinical trials. Six prognostic groups were identified based on age, performance status, haemoglobin (Hb) level, WCC and the presence or absence of chest pain and weight loss. Both retrospective reports have been validated in subsequent studies (Edwards et al, 2000; Fennell et al, 2005) , although only one validation was in consecutive presenting patients rather than a clinical trial population (Edwards et al, 2000) .
Neutrophil-to-lymphocyte ratio (NLR), a marker of systemic inflammation, has been proposed as a prognostic factor from an analysis of a group of 173 patients undergoing systemic therapy (Kao et al, 2010) . A baseline NLR of o5 was an independent predictor of better survival, and normalisation of NLR after one cycle of treatment was a predictor of improved survival on subgroup analysis. The prognostic value of NLR was subsequently demonstrated in four independent studies (Kao et al, 2011; Cedres et al, 2012; Pinato et al, 2012; Kao et al, 2013) , although there were differences in study populations, and in two studies the NLR cutoffs used were different from the original threshold value of 5. However, in one study of surgically treated patients, the association between NLR and survival was not statistically significant, although this study was underpowered for this analysis (Suzuki et al, 2011) .
In this study, we explored prognostic variables at presentation in a cohort of consecutive, previously untreated patients with a diagnosis of MPM. Patients were included irrespective of subsequent treatment modality, including those who received only supportive care. Our aim was to validate the prognostic role of NLR as well as the EORTC and CALGB prognostic models for overall survival (OS) in MPM. There has been no previous validation of all three prognostic indicators in the same data set at initial presentation, the time point at which prognostic information is most important.
MATERIALS AND METHODS
Subjects. Consecutive patients with a diagnosis of MPM made between 1 January 2005 and 31 December 2010 who were diagnosed at or attended Sir Charles Gairdner Hospital, Nedlands, Western Australia, Australia, were included in this retrospective study. Selection criteria included availability of a neutrophil and lymphocyte count within 90 days of diagnosis, cytological or histologically confirmed MPM, absence of concurrent haematological malignancy and duration of follow-up 490 days from diagnosis for any censored patients.
Baseline prognostic clinical and laboratory variables were collected retrospectively from the clinical record. These included age, gender, histological subtype, Eastern Cooperative Oncology Group (ECOG) performance status, presence of chest pain or weight loss and treatment. Staging was determined according to the American Joint Committee on Cancer Staging System (AJCC), 7th Edition (Pleural Mesothelioma, 2010) according to surgical pathology (for extrapleural pneumonectomy (EPP) patients) or computerised tomography (CT) and, where performed, positron emission tomography (PET) imaging for all others. Laboratory variables at the time of diagnosis, before first and second cycles of chemotherapy and before commencing second-line chemotherapy, where applicable, were recorded. Variables to be assessed and cutoff determination were predetermined and categorised using the same cutoff points as the CALGB and EORTC models, where applicable. These included Hb, which was expressed as the difference of patient Hb level relative to 160 g l À 1 in males and 140 g l À 1 in females (Hb difference o10 vs X10 g l À 1 ), WCC (o8.3 vs X8.3 Â 10 9 l À 1 ) (Curran et al, 1998) , platelet count (PLT o400 vs X400 Â 10 9 l À 1 ) (Herndon et al, 1998) and neutrophil and lymphocyte counts. The NLR was derived by dividing the absolute neutrophil count by the absolute lymphocyte count, and a cutoff of o5 vs X5 was used in accordance with the first report of NLR in MPM (Kao et al, 2010) .
The study was approved by the Sir Charles Gairdner Group Human Research Ethics Committee.
Statistical analyses. The primary end point of the study was OS, defined as the time from confirmed diagnosis of MPM to the date of death, or to the date of last follow-up for patients who have not died before the censor date.
A Cox regression power analysis was performed, and a sample size of 321 patients with an anticipated event rate of 0.85 was required to detect a HR of 1.5 as statistically significant with a ¼ 0.05 and power of 0.80 on a covariate with the s.d. of 0.5. Baseline prognostic factors predictive for OS were entered into univariate Kaplan-Meier models and compared with the log-rank test. A Cox proportional hazards model was fitted to all individual prognostic variables to determine their independent effect, and diagnostics for the proportional hazards assumption were performed. Variables for EORTC, CALGB and the treatment groups were not entered into the Cox model as these are composite variables that are derived from, or determined by, other individual covariates in the model. Planned subgroup analyses of chemotherapy-or nonchemotherapy-treated groups for OS were performed for baseline NLR, and for NLR normalisation after one cycle of chemotherapy for patients with a prechemotherapy NLR X5.
Missing values for prognostic variables were imputed using a multiple imputation by chained equation (MICE) approach (Van Buuren and Groothuis-Oudshoorn, 2011) . Multivariate analyses were performed using the imputed data sets and repeated using data from patients with no missing values (complete case (CC) analysis).
Analyses were performed in R statistical computing software (R Core Team, 2013), SAS 9.3 (SAS Institute Inc., Cary, NC, USA) and GraphPad Prism version 6.0c (GraphPad Software, San Diego, CA, USA).
RESULTS

Patients.
A total of 274 patients met the inclusion criteria and were included in the analyses. Of these, 169 (62%) patients were treated with systemic chemotherapy, including 10 patients who underwent trimodality therapy (TMT); 103 (38%) patients received supportive care alone (including palliative radiotherapy) and 2 patients underwent EPP but did not go on to receive TMT. For chemotherapy-treated patients, the median time from diagnosis to start of chemotherapy was 78 days (range 14 to 1658 days). A CONSORT diagram is shown in Figure 1 .
At the census date of 15 May 2013, 251 patients were deceased, 18 patients were alive and 5 patients were censored (3 noncancerrelated deaths and 2 lost to follow-up), giving an event rate of 0.92.
Median follow-up for patients who were alive was 45.5 months (range 29.0-88.3 months). The median OS from diagnosis for all patients (n ¼ 274) was 13.3 months (95% CI, 11.6-15.1 months). For chemotherapy-treated patients, median OS was 15.2 months (95% CI, 13.8-17.9 months), whereas for the nonchemotherapytreated group it was 8.3 months (95% CI, 5.7-11.1 months). For patients with a known chemotherapy start date (n ¼ 163), the median OS from start of chemotherapy was 12.3 months, and was 11.7 months for those treated with chemotherapy only (i.e., nonsurgically, n ¼ 153).
The baseline distribution of patient demographics and disease characteristics according to treatment group are listed in Table 1 ; chemotherapy received is described in Table 2 . Complete data for the 11 baseline prognostic variables analysed were available for 90% of patients. The mean duration between diagnosis and baseline blood results was 12 days (95% CI, 10-14 days). In all patients NLR was available. Data were missing for staging in 6.6%, weight loss in 3.3%, chest pain in 2.9% and ECOG PS in 2.6% of patients. The CALGB prognostic group could not be calculated for 2.6% of patients, whereas the EORTC prognostic group was calculated for all patients, as the missing values would not have altered the prognostic risk group in those patients.
Univariate analyses. Results for the univariate analyses of 11 prespecified individual baseline variables are listed in Table 3 . Variables that individually predicted for shorter OS were age X65 years, nonepithelioid histology, AJCC stage III-IV, ECOG PS 2-3, weight loss, chest pain, Hb difference X10 g l À 1 and a platelet count 4400 Â 10 9 l À 1 . Both the EORTC and CALGB prognostic models were individually predictive for OS with a HR of 1.62 (95% CI, 1.26-2.08; Po0.001) and 1.65 (95% CI, 1.36-1.99; Po0.001), respectively. A baseline NLR X5 was not predictive for OS (HR 1.25; 95% CI, 0.94-1.66; P ¼ 0.122; Figure 2 ).
Multivariate analyses. Individual variables analysed in univariate analyses were entered into the multivariate Cox model, irrespective of their significance. Analysis was performed using data from all study patients (n ¼ 274) after multiple imputation (MI) of missing values, and revealed the following prognostic variables to be independent predictors of poor survival: age X65 years, nonepithelioid histology, ECOG PS 2-3, weight loss, chest pain and a baseline platelet count 4400 Â 10 9 l À 1 . Analysis using CC analysis revealed the same set of independent predictors as the imputed data sets (Table 3) .
Preplanned subgroup analyses. Univariate analysis by chemotherapy subgroup showed that a baseline NLR of X5 was not predictive of worse OS in chemotherapy-treated patients (n ¼ 169) (HR, 1.08; 95% CI, 0.74-1.58; P ¼ 0.69) or in nonchemotherapytreated patients (n ¼ 105) (HR, 1.46; 95% CI, 0.95-2.25; P ¼ 0.08). In chemotherapy-treated patients, 66 (39%) had an NLR 45 at the time of commencement of chemotherapy that declined to o5 in 47 patients and remained elevated in 19 patients after one cycle of chemotherapy. Normalisation of NLR was individually prognostic for OS calculated from the time of commencing chemotherapy (HR, 2.2; 95% CI, 1.25-4.03; Po0.001; Figure 3 ).
The post hoc analyses. The AJCC stage for patients with NLR o5 at diagnosis was I-II in 54% and III-IV in 46% of patients, whereas for patients with NLR 45 it was I-II in 51% and III-IV in 49% of patients. Repeat measures of NLR at the time of diagnosis, at the time of commencement and after one cycle of chemotherapy were available for 157 out of 169 (93%) chemotherapy-treated patients.
The NLR was significantly different between the three time points (Po0.001; Figure 4 ). Median NLR was 3.39, 4.44 and 2.67 at diagnosis, prechemotherapy and after one cycle, respectively. Exploratory univariate analyses of OS for NLR taken at diagnosis (n ¼ 274) was performed at different NLR cutoff values of 3, at the median value (3.53) and as a continuous variable, with no significant differences in survival revealed. These analyses were performed as proposed cutoffs used in the existing literature have been inconsistent (Kao et al, 2010 (Kao et al, , 2011 Pinato et al, 2012; Kao et al, 2013) . For patients where a repeat NLR was available prechemotherapy (n ¼ 163), exploratory univariate analysis of OS (calculated from start of chemotherapy) was performed at NLR cutoff points of 5, 3, and at the median value (4.44). Using an NLR cutoff of 5 prechemotherapy, HR was 1.39 (95% CI, 1.00-1.94; P ¼ 0.051), which remained nonsignificant on multivariate analysis (P ¼ 0.08). No significant difference in survival was revealed for a cutoff of 3 or for the median value.
DISCUSSION
There has been considerable interest over the past decade in the association of systemic inflammatory markers and prognosis in both early and advanced cancer. A prognostic role for NLR in MPM was reported in a number of retrospective series, the largest of which are summarised in Table 4 . The first report was a cohort of patients receiving systemic therapy (Kao et al, 2010) , and further reports by the same group included surgically treated patients (Kao et al, 2011) and patients receiving compensation for asbestosrelated disease (Kao et al, 2013) . Thus, NLR was proposed as a potential biomarker for stratification in clinical trials and for use in clinical practice. The primary aim of our study was to independently validate NLR as a prognostic marker in MPM and to further validate the EORTC and CALGB prognostic models, as well as known individual prognostic variables, all at the point of diagnosis and irrespective of subsequent treatment. Previous studies of NLR did not also examine the existing prognostic models; as such, the relative performance of NLR and the composite prognostic models was unknown.
Our study revealed that the baseline variables of advanced age X65 years, nonepithelioid histology, poor PS, weight loss, chest pain and an elevated baseline platelet count were independently predictive of shorter survival, in keeping with the extensive body of prior literature of clinical prognostic factors in this disease. Both the EORTC and CALGB scores were individually predictive for OS with a highly statistically significant HR of 1.62 and 1.65, respectively. A baseline NLR of X5 did not predict for shorter survival for the total cohort, or for any treatment modality group. For the subgroup of patients with an elevated prechemotherapy NLR (n ¼ 69), normalisation of NLR to o5 after one cycle of chemotherapy was predictive, on univariate analysis, of longer survival, a finding that was consistent with a previous report (Kao et al, 2010) . However, it is not known whether NLR normalisation would be an independent predictor if considered alongside other clinical parameters suggestive of response to chemotherapy such as improvement in PS, dyspnoea and chest pain, as these variables were not collected post chemotherapy. It is also unclear whether NLR normalisation would add to imaging information that is predictive of survival outcomes, such as CT and PET assessment after one or two treatment cycles (Byrne and Nowak, 2004; Francis et al, 2007) .
Although our study validates the EORTC and CALGB models as well as other standard individual variables, the NLR finding was not consistent with previous series (Table 4 ). The strengths of the reported study include a large sample size, and the collection of relevant clinical variables, being the first NLR study to include chest pain and weight loss in addition to other standard variables, thus allowing the calculation of the CALGB prognostic group. The chemotherapy-treated patients in our study consistently received best standard chemotherapy regimens, with 165 out of 169 (98%) patients receiving a first-line platinum doublet containing either pemetrexed or gemcitabine ( Table 2 ). The cutoff values for NLR and other categorical variables used in our primary analyses were prespecified according to previous reports (Curran et al, 1998; Herndon et al, 1998; Kao et al, 2010) , an important prerequisite for reliable validation. In previous reports, treatments were more heterogeneous and different cutoffs for NLR were used, which raises the possibility of data-driven cutoff optimisation (Table 4) .
As we did not reproduce the prognostic importance of NLR, limited post hoc analyses were performed to explore the NLR findings of our study. Initiation of chemotherapy after initial diagnosis may be delayed according to the clinical scenario or patient preferences (median of 78 days in this study). We found that for 157 patients with a repeat NLR prechemotherapy, NLR increased significantly before subsequently declining after one cycle (Figure 4) , and that a prechemotherapy NLR of 45 approached significance for predicting worse survival than NLR of o5 on univariate (P ¼ 0.051) but not multivariate analysis (P ¼ 0.08). This supports the hypothesis that systemic inflammatory markers, including NLR, increase as the disease progresses. However, a prognostic variable would be most useful in guiding decisions when considered at the time of diagnosis, rather than prechemotherapy when a treatment decision has already been made based on other clinical and imaging factors. We also explored NLR as a continuous variable, at a cutoff of 3 and at the median value, and no significant associations were revealed.
The role of systemic inflammation has been well documented in a number of malignancies, and has been linked to impaired nutritional status, poor PS and worse survival (Mcmillan, 2009) . The absence of data on weight loss and performance status in previous reports may have exaggerated the relative significance of NLR, although we note that platelet count, which also reflects inflammation, was independently prognostic in our study.
Missing data is an inevitable and common problem in clinical studies and other types of data analyses, particularly in retrospective series; a number of methods to prevent and to handle missing data have been proposed (Ibrahim et al, 2012; Little and D'agostino, 2012) . The most common method used in the literature to handle missing values is ignoring data for all patients (Schafer, 1977; Burton and Altman, 2004) . In this study, although 90% of patients had no missing values, we employed MI methods to avoid wasting informative data that have been collected, and results were similar to those revealed with CC analysis. A large number of biomarkers have been proposed in oncology, with only a small number of clinically useful markers being validated despite hundreds of promising initial studies that were followed by studies failing to reproduce their results or revealing contradictory findings. This has been attributed to deficiencies in study design, analysis and inadequate reporting of findings. This prompted the development of the REMARK guidelines (Guidelines for the REporting of tumor MARKer Studies), which aimed to encourage transparency in reporting of studies to contain sufficient information for readers to judge the usefulness and applicability of results and conclusions (Mcshane, 2005) . One example given by the authors is the reporting of prognostic marker significance without disclosing extensive manipulation of data for cutoff optimisation and variable selection. Item 17 of the REMARK guidelines recommends that results should include 'an analysis in which the marker and standard prognostic variables are included, regardless of their statistical significance'. This is in contrast to the common practice of including in multivariate analyses only significant variables on univariate analysis. This report adheres to the REMARK guidelines where applicable, and clearly identifies prespecified methods and analyses, and the multivariate model was fit to variables significant in univariate analysis as well as clinically meaningful, standard prognostic variables.
The limitations of this study include its retrospective design and nonrandomised allocation of treatment groups, which prevents a comparison of the prognostic and predictive value of variables between treatment groups. Although patient screening was sequential, a selection bias is inherent when screened patients are excluded based on missing values for the prognostic markers being examined. It is possible that patients who were not fit for, or refused diagnostic testing, were lost to follow-up at an early point, or were diagnosed outside our tertiary institution in community or regional practices, and may have different covariate significance than our analysed sample, and hence results may not be generalisable to these populations. We also did not collect data on albumin (to determine the GPS) or CRP, and thus we could not include these markers of inflammation in this analysis. Finally, our study did not reach the original planned sample size because of a lower number of patients than estimated being seen between the dates we had ethical approval to span. Nevertheless, the higher than anticipated event rate (0.92 vs 0.85) preserved the power of the study, and this remains the largest study of the prognostic value of NLR published to date. Despite the modest decrease in participant numbers from that planned, the CALGB and EORTC prognostic models nevertheless demonstrated significant prognostic value with hazard ratios that substantially outperformed NLR.
In conclusion, this study validates established prognostic factors but did not find NLR to be prognostic in this cohort of MPM patients. Previous positive findings may be a result of heterogeneity in patient populations, variable selection and cutoff points used in reports of NLR to date. The prospect of a simple blood test providing prognostic information was promising, but did not withstand the rigour of independent validation. Although there is a known relationship between inflammatory markers and disease stage, we hypothesise that it is unlikely that a ratio of neutrophils to total lymphocyte can provide an informative 'snapshot' of the antitumour immune response, which involves a variety of immune cells, where lymphocytes alone have many phenotypes and differing functionalities. We conclude that clinical management and decision making in MPM will continue to rely on patient preferences and consideration of multiple prognostic variables that independently, but also jointly, predict survival.
Future research is likely to include more studies of prognostic markers in MPM, where there is an urgent need for biomarkers that predict response to treatments such as chemotherapy and immunotherapy, as the era of personalised therapy in other cancers has yet to be utilised in the management of MPM. We suggest that researchers consider the most appropriate methods to prevent and handle missing data to avoid the omission of valuable information, and to apply recommendations from reporting guidelines such as REMARK to ensure transparent and complete reporting of prognostic biomarkers studies, which will lead to realistic and reproducible results and conclusions, and aid readers in considering the findings and their generalisability. 
